To establish a metabolic state along a north -south transect in Antarctic waters, we approached community respiration (CR) from a combined perspective based on the metabolic theory of ecology (MTE) and the size-scaling of the whole planktonic community. A detailed analysis of a summer integrated multi-trophic normalized biomass size spectra (NBSS), from heterotrophic bacteria to zooplankton, was carried out. To acquire individual size data, different techniques were combined: flow cytometry for smaller fractions (,20 mm of equivalent spherical diameter), FlowCAM for larger nano-and microplankton and scanning and image analysis for the zooplankton fractions. The distribution of the NBSS was linear at all stations (R 2 values: 0.87-0.93) but dome-shape features appeared related to phytoplankton cell distribution which are responsible for a large fraction of microbial respiration. Generally, the region showed an autotrophic budget south of the archipelago due to gross primary production (GPP) values up to 2804 mg C m 22 day
I N T RO D U C T I O N
The significant contribution of the marine biota to the global carbon cycle ultimately results from the balance between gross primary production (GPP) and community respiration (CR) (Serret et al., 2001a) . Autotrophic communities (GPP . CR, with positive net community production (NCP)) act as sinks of CO 2 and inorganic nutrients and sources of organic matter and O 2 , while heterotrophic communities (GPP , CR, NCP , 0) act as sources of CO 2 and inorganic nutrients and sinks of organic matter and O 2 (Duarte and Regaudie-de-Gioux, 2009 ). Thus, the estimation of NCP and the study of its dynamics and space variation constitute an important step in understanding carbon budgets. Agustí et al. (Agustí et al., 2004) report on the basis of a comparative analysis of planktonic metabolism in the Southern Ocean (SO) that CR exceeds GPP in communities where GPP , 2.05 mmol O 2 m 23 day
21
. The existence of such thresholds is important to help delineate the area of the SO supporting net heterotrophic communities (GPP , CR).
In this context, considering the distribution of CR, we should differentiate between the metabolism of autotrophic and heterotrophic communities. Quantification of community balance is problematic due to the difficulties in measuring planktonic metabolism especially the respiration apportioned within the different trophic levels. Alternative ways to track planktonic respiration have been described in Robinson and Williams (Robinson and Williams, 2005) , namely the calculation of respiration from algorithms of biomass distribution and measurements of the size distribution of respiration throughout the biomass size spectra (BSS). The combination of size spectra and allometry has been suggested as a reasonable estimation of CR across contrasting ecosystems (Quiñones et al., 1994; Blanco et al., 1998) . In this study we tackle the CR question from a combined perspective based on the metabolic theory of ecology (MTE) and the size-scaling of the whole planktonic community. The flux rates within an ecosystem are the result of the sum of the individual rates of all its constituent organisms, which, in turn, are governed by the combined effects of body size and temperature not only for phytoplankton (López-Urrutia et al., 2006) but also for zooplankton (Hernández-León and Ikeda, 2005) . In this sense the parameters of the BSS and especially the analyses of the slopes are used to assess the state of marine ecosystems at regional and global scales (Shin et al., 2005) . This is a reasonable way of measuring the relationship between growth, mortality and respiration of a community (Platt and Denman, 1978) . Low-productivity pelagic ecosystems close to steady state usually show linear size spectra (Rodríguez and Mullin, 1986; Quiñones et al., 2003) while more productive ecosystems, that are also subject to stronger hydrodynamic forcing, can show irregularities in the size spectrum (e.g. Sprules and Munawar, 1986; García et al., 1995; Reul et al., 2006) both due to top-down or bottom-up processes. Furthermore, the slope of the spectrum gives an indication of the efficiency of biomass transfer to larger organisms (Gaedke, 1993) and reflects changes in the upper ocean carbon flux (San Martín, 2005) .
Despite the great information that the BSS contains, only few studies have focused on the Antarctic spectrum (e.g. nekton spectrum in Rodhouse et al., 1994 ; phytoplankton spectrum in Rodríguez et al., 2002 ; mesozooplanton spectrum in Zhou et al., 2004) . Witek and Krajewska-Soltys (Witek and Krajewska-Soltys, 1989) and Tarling et al. (Tarling et al., 2012) are the only works, to our knowledge, that emphasized a multi-trophic plankton spectrum.
To delve deeper into the study of the Antarctic BSS, a comprehensive analysis of the whole planktonic community BSS from heterotrophic bacteria (HB) to zooplankton has been developed in this manuscript, following a north -south transect crossing the South Shetland Islands (SSI) from the Drake Passage to the Antarctic Peninsula. Furthermore, a special emphasis is placed on the metabolic balance to overview local differences on both sides of the archipelago based on the respiration rates of each trophic compartment. This was with the aim of determining if the study area supports a net autotrophic or a net heterotrophic metabolic state.
M E T H O D Sampling
Sampling was conducted during the COUPLING cruise, January 2010, on board RV Hespérides. The present article is based on the observations from a transect (T.1), which crossed the northern and southern regions around the SSI from the Drake Passage to the southern Bransfield Strait (Fig. 1) . Vertical profiles of temperature and conductivity were performed using a Seabird 911plus conductivity -temperature -depth sensor with an additional oxygen sensor calibrated on board using an automated Winkler titration system (Metrohm 716 DMS) following WOCE protocols (Culberson, 1994) . Oxygen saturation was calculated using the equations of Weiss (Weiss, 1970) as in Carrillo et al. (Carrillo et al., 2004) .
Mixed layer depth (MLD) was inferred from temperature and salinity profiles using the algorithm of Kara et al. (Kara et al., 2000) . For each station, a vertical light attenuation coefficient K d (m 21 ) was calculated by measuring the photosynthetically active radiation (PAR, 400 -700 nm) values at 1 m depth intervals in the water column with a hemispherical quantum sensor (CI PAR, Chelsea Instruments, relative spectral sensitivity flat to +3% from 450 to 700 nm). The euphotic zone depth (Zeu) was defined as the depth at which the light intensity was attenuated to 1% of the value just below the surface, and was calculated as ln(0.01)/K d .
At each station, water sampling was performed at six fixed depths (5, 10, 25, 50, 75 and 100 m) including the depth of the fluorescence maximum, using a rosette system of 24 12-L Niskin bottles. Whole water samples for flow cytometry were fixed with paraformaldehyde and glutaraldehyde (1 þ 0.05% final concentrations). Nano-and microplankton samples (5 L) were filtered through a 10-mm mesh to a final volume of 100 mL, fixed with buffered formaldehyde (4% final concentration) and stored in amber glass flasks. Meso-and macrozooplankton were sampled with a MOCNESS net equipped with seven nets (including five double nets). Mesh size for the outer net was 250 mm. At most stations, MOCNESS was towed in oblique hauls from 10-40, 40-70, 70-100, 100 -200, 200-300 and 300 -400 m. Transmission by underwater sensors on the MOCNESS through conducting cable to the deck yielded output of depth, frame angle, volume filtered and net closing response at 1-s intervals. Towing speed was 2 knots and the mean tow duration was 40 min 14 s + 6 min 58 s (SE). The material retained was fixed (4% formaldehyde) and stored in plastic bottles.
Plankton analysis
Three complementary techniques (Flow cytometry, FlowCAM and scanning-based image analysis) were used in a way that allowed a large size-range overlap. Pico-and nanoplankton were counted on board using a FACSCalibur cytometer (Becton Dickinson) immediately after water sampling. SYTO-13 staining was used for the flow cytometry determination of the heterotrophic bacterioplankton and the heterotrophic nanoflagellate abundance following the method of del Giorgio et al. (del Giorgio et al., 1996) and Christaki et al. (Christaki et al., 2011) , respectively. Although Archaea could be quantified as well with the first method, their abundance in surface waters (0 -100 m) accounted for 1% of the total picoplankton assemblage (Church et al., 2003) during the austral summer, thus heterotrophic prokaryotes mainly consisted of bacterioplankton. They were all included in the same octave (0.49-0.62 mm, equivalent spherical diameter, ESD) due to the low precision in estimating their size by flow cytometry and constant volume reported for Antarctic waters (Delille, 2003) . Biovolume for the rest of the cells was estimated through the calibration of the side scatter signal with seven sized plankton cultures (García-Muñoz et al., 2013a) . We did not attempt to make any corrections due to the effect of fixation, but to minimize this effect flow cytometry samples were analysed immediately after their collection. Photosynthetic prokaryotic picoplankton was almost absent during the whole cruise. Heterotrophic nanoflagellates were triggered using different fluorescence thresholds as proposed by Zubkov et al. (Zubkov et al., 2007) and Christaki et al. (Christaki et al., 2011) . Further details of HB and autotrophic nanoplankton discrimination are given in García-Muñoz (García-Muñoz, 2014 ) and García-Muñoz et al. (García-Muñoz et al., 2013a) , respectively.
Larger nanoplankton and microplankton were counted and measured using a FlowCAM w (Fluid Imaging Technologies) in auto-trigger mode. Samples were pumped first through a chamber of 3.0 mm Â 0.3 mm cross section, using a Â4 objective for 50 min, to analyse the 64-200 mm size fraction. Then, samples were filtered through 100-mm mesh and pumped using a chamber of 2.0 mm Â 0.1 mm and a Â10 objective for 40 min, to analyse the 16-100 mm size fraction. We assumed that particles were randomly distributed within the chambers. Acquisition times were selected in accordance with the recommendations of Á lvarez et al. (Á lvarez et al., 2011) to obtain a good representation of the different size ranges. Invalid recordings (i.e. bubbles, repeated images) were removed from the image database. Differentiation between phytoplankton and non-phytoplankton particles (i.e. debris, heterotrophs) was done through visual recognition. Biovolume was calculated using the area-based diameter (ABD) of each cell with a previous volume correction for fixed samples (Menden-Deuer et al., 2001) .
Meso-and macrozooplankton samples were strained onto a 200-mm mesh screen and rinsed into a Folsom splitter using artificial seawater. Gelatinous plankton was previously removed from the sample and treated separately due to the high abundance found. Each sample was split to obtain fractions with homogeneous abundances and poured directly into a tray for scanning. Any overlapping organisms were manually separated before the sample was digitized. Samples were scanned with an Epson Perfection 4990 Photo colour flatbed scanner. Image analysis was performed using Zooimage software (http://www.sciviews.org/Zoo/PhytoImage) following Bachiller and Fernandes (Bachiller and Fernandes, 2011) .
The biovolume of each organism was assumed to be equivalent to that of the corresponding sphere using the equivalent circular diameter (ECD) output. Samples were processed more than a year after their collection therefore body length was corrected due to shrinkage as in Black and Dodson (Black and Dodson, 2003) .
For cells smaller than 200 mm ESD, biovolume was converted to carbon biomass using the conversion equations given by Menden-Deuer and Lessard (Menden-Deuer and Lessard, 2000) . For meso-and macrozooplankton, individual biomass was estimated by using the Alcaraz et al. (Alcaraz et al., 2003) equations, as previously in the study area (see Calbet et al., 2005) .
Building size spectra
Size classes were established following a geometric 2n series (Sheldon et al., 1972) . The organisms were grouped into 47 volume classes without any special taxonomic preference since the sub-samples represented the average composition of samples. With this partition, the amplitude of the size class (Dw) coincides with its lower limit (w). The normalized biomass in each class (b(w i )) can be calculated from biomass, here biovolume (B) as:
When data are plotted on a log -log axis, the relationship is linear and it is possible to obtain the overall parameterization of the normalized biomass size spectra (NBSS) (Platt and Denman, 1978) (Fig. 2) :
where a (intercept) and b (slope) are the parameters of the fitted line. We defined a size class without detectable biomass as a "biological gap" in the spectrum. To include these gaps in the NBSS, we applied the method proposed by Tittel et al. (Tittel et al., 1998) and followed by Cózar et al. (Cózar et al., 2003) (0.01B) for sizes over 20 mm ESD. For those cells in the picoplankton range (0.2 -2 mm ESD), we decided to apply a more restricted method (0.001B) close to the detection limit of the flow cytometer used (2 cells mL 21 ) due to the low abundance of photosynthetic prokaryotic picoplankton in the study area. We defined as a "methodological gap" in the spectrum the discontinuity between 200 and 250 mm due to non-overlapping techniques used to collect samples in this size range. Larger errors and poor estimations of abundance due to scarcer number of observations may be expected at the end of the size spectrum, leading to either under or overestimation. Therefore, we have limited the spectrum at a maximum ESD of 3.2 cm, even though larger salps were occasionally collected. Data from bacteria to microplankton were depth integrated, by means of a trapezoidal integration, within the euphotic zone (in m) or the MLD (in m), whichever was deeper (Table I) . Natural spline interpolating functions were used when the integration depth was in between two sampled standard depths (see ). Stations sampled north of the South Shetland Islands (T.1a) have blank background whereas stations sampled south (T.1b) are shaded grey. The integration depths considered for each station are in bold.
Sampling section). Since zooplankton vertical migration was evident in this study area (Hernández-León et al., 2001) , we considered depth integration of zooplankton data from the surface down to 400 m as in Ward et al. (Ward et al., 2012a, b) .
NBSS regression analyses were carried out using least-squares (Model I) regression. For biomass sizedistribution data, where the independent variable (i.e. body size) is not under the control of the investigator and is subjected to error, Model II (i.e. both variables show random variation) would be more appropriate (Laws and Archie, 1981) . However, we have decided to use Model I because it permitted us to test differences between regression lines and also made the comparison with other published spectra easier as in Quiñones et al. (Quiñones et al., 2003) . Prior to the comparison of regression lines, the necessary assumption of homogeneity of variance was tested using Bartlett's test. After passing the Bartlett's test, an F-test for multiple comparisons among slopes and elevations and post hoc Tukey tests were used to evaluate if there were differences in the size structure (NBSS parameters: intercept and slope) between different stations and areas. In addition, a t-test was used to test if the slopes of the normalized biomass size spectra were significantly different from 21 (Sokal and Rohlf, 1981) .
Metabolism: production/respiration rates
In a previous paper, García-Muñoz et al. (García-Muñoz et al., 2013b) compared and evaluated several primary production models to obtain realistic Net primary production rates for the study region, including an allometric model based on the MTE. The authors concluded that the carbon-based primary model (CbPM) based on the chlorophyll a/carbon biomass ratio modulation [first described by Behrenfeld et al. (Behrenfeld et al., 2005) , and later updated by Westberry et al. (Westberry et al., 2008) ] was the best model as it made a special attempt to detect both nutrient, light and temperature modulation of NPP. Thus, the output of this model across the selected transect was used in this manuscript to further establish a metabolic state. Respiration rates were calculated on the basis of the MTE using the equations given in López-Urrutia and Morán (López-Urrutia and Morán, 2007) 
where N c is the respective normalization constant, a is the allometric exponent, M i is the organism mass (pg C), E a is the activation energy (eV), k is the Boltzmann's constant (8.62 Â 10 25 eV K
21
), T is the temperature (K), K m is the Michaelis-Menten half-saturation constant and I z is the daily PAR at each depth (mol photons m 22 day
) calculated as described in García-Muñoz et al. (García-Muñoz et al., 2013b) for the primary production MTE model. Note that the latter term was not used to calculate heterotroph respiration rates. We used a respiratory quotient of 1 for carbon conversion and summed the individual cell respiration rate at each depth to obtain mg C m 23 day 21 units. CR was calculated as the sum of the respiration rates of all the planktonic organisms considered and, finally, GPP was obtained by summing the corresponding respiration rate of the phytoplankton cells to NPP. Non-parametric multivariate techniques were used with the PRIMER v 6.1 statistical package to discern station grouping on the basis of the NBSS slope and the metabolic balance through the GPP/CR ratio along the transect studied. A similarity matrix was constructed by means of Bray-Curtis similarity index. From this matrix, the stations were classified by the group-average sorting algorithm. Non-metric multidimensional scaling (MDS) was used to evaluate the group separation derived from the cluster analysis. Significant Pearson rank correlation vectors (r . 0.5, P , 0.05) between the log-transformed abundances and the respiration rates of the different trophic compartments and the MDS axes were overlapped.
R E S U LT S Oxygen saturation and sea surface temperature
Physical features and water masses found during this cruise have been already described in detail elsewhere (Teira et al., 2012; García-Muñoz et al., 2013a , 2014 . However, we also show sea surface temperature (SST) (Table I) in this paper due to the strong north -south variation detected which directly controls the metabolic rates of the whole planktonic community and even exerts a strong control on the distribution of the mesomacrozooplankton groups, as described by Loeb et al. (Loeb et al., 2010) . Warmer surface temperatures were detected at the northern stations (.18C) while they decreased southwards reaching negative values at the end of T.1b (20.458C, minimum value observed). The percentage of oxygen saturation (%O 2 )-linked isotherms (Fig. 2) has been chosen to interpret the biological distribution across the study area, as it is known to be a valuable tool to broadly summarize the recent history of biological activity (e.g. Serret et al., 2001a) . Values over 100% were detected in the upper layer (surface to 50 m) across the transect (Fig. 2) . Values close to 90% were also detected at the southern end of the transect throughout the water column, where isotherms showed a sub-ductive structure and the highest MLD was detected (Table I) . Low values (,70%) were found below the Zeu (Table I) in the northern stations, where the relatively warm (.08C) and salty (.34.4) upper circumpolar deep water was located (García-Muñoz et al., 2013a) .
Plankton structure and abundance
Despite the ataxonomic nature of the size spectrum, it seems convenient to describe the main sized-trophic compartments that form it to further study the interactions between their abundance and metabolic rates. HB reached abundance values over 1 Â 10 13 cells m 22 along the transect (Fig. 3B) . The maximum concentrations (.2.5 Â 10 13 cells m
22
) were recorded both in the middle of the Bransfield and in the northern SSI shelf. Phytoplankton in the nano-size range (2 -20 mm ESD) (NA) predominated throughout the transect (mean + SD: 3.3 + 0.8 Â 10 11 cells m
) ( Figs 3C and 4A ), increasing southwards across T.1a. The highest abundances (.4 Â 10 11 cells m 22 ) occurred in the middle of the Bransfield, while the lowest were detected at both edges of T.1b. Nanoheterotrophs (NH) showed a patchy distribution ranging between 0.2 and 3.5 Â 10 10 cells m 22 increasing southwards along T.1b (Fig. 3D) . Their highest contribution (%50%) to total biomass in each size class was due to larger organisms (16-20 mm ESD) (Fig. 4A) .
Microplanktonic phytoplankton was mostly composed of large diatoms (50 -80 mm ESD), reaching maximum concentrations at St. 33 and 30 (over 1 Â 10 8 cells m
) in the T.1a and St. 1 and 11 in the T.1b (Fig. 3E ). Nanoplanktonic and microplanktonic dinoflagellates detected with FlowCAM were considered to be autotrophic. Although FlowCAM can be used in a fluorescence mode to detect autotrophic cells, our samples were fixed and, therefore, no fluorescence measurements could be made, but pigment analyses performed with high performance liquid chromatography confirmed the presence of peridinin-containing dinoflagellates in the study area (García-Muñoz et al., 2013a) . Overall phytoplankton dominated the total biomass of microorganisms (over 50% of total biomass within each size range) across the spectra up to 159 mm ESD (Fig. 4A) .
Microplanktonic heterotrophs (MH) showed a wide range of concentrations (9.5 Â 10 6 -9.5 Â 10 7 cells m 22 ) decreasing southwards (Fig. 3F) . Zooplankton was always dominated by copepods, followed by chaetognaths, salps and krill. The high copepod abundance detected at the northern stations (St. 36-32, ranging between 6000 and 23 000 ind. m (Fig. 3G) is noteworthy. The highest volumetric abundances across the whole transect were always detected in the deeper layers: 200-300 and 300 -400 m, corresponding with a concentration of Metridia gerlachei, whereas surface layers were dominated by small copepods, mainly Oithona sp. (data not shown). Salpa thompsoni showed an opposite pattern with the highest concentrations detected in the middle of the Bransfield Strait (.300 ind. m 22 ) (Fig. 3H) . On average, copepods represented 81% of total zooplankton abundance throughout the study area. If we focus on the individuals' size distribution, copepods contributed .75% of total zooplankton abundance .2 mm, while salps contributed .80% of those organisms .8 mm (Fig. 4B ). In the case of chaetognatha and krill distributions, both groups showed local maximum concentrations at St. 32 (10 600 and 909 ind. m
, respectively) (Fig. 3G) . The size structure of krill shows a frequency peak around 5 -7 mm ESD (Fig. 4B ) ( 15 mm length) corresponding with larval/juvenile stages; in fact, the abundance of large individuals collected during the cruise could be underestimated due to net avoidance by adults (Wiebe et al., 2013 , and references therein).
Normalized biomass size spectra
The NBSS slopes of the plankton community (pico-to zooplankton) varied from 21.02 to 20.79, the steepest slope was found at the southern station (St. 11) (Fig. 3A) . These slopes were significantly different from 21 (t-test, t ¼ 10.32, df ¼ 21, P , 0.001). Interestingly, a dome anomaly in the slopes of the size spectra was present at the size classes corresponding to 5-10 mm ESD which were dominated by small diatoms (Fig. 5) . This anomaly was less pronounced north of the Shetland Front (Fig. 5B) , and at both edges of the T.1b, where the MLDs reached maximum values (Table I ) and the microplanktonic cells accumulate slightly ,100 mm ESD (Fig. 5D and F) . Moreover, within the zooplankton size range (.250 mm ESD), a clear trough above the fitted NBSS was detected up to 2 mm ESD, whereas biomass seemed to accumulate towards the larger sizes (Fig. 5) . Although domes and troughs were detected, R 2 showed a good linear fit with values always over 0.86 (F-test, P , 0.001); however, significant differences (P , 0.05) were detected in terms of intercept and slope between stations (Fig. 5) , especially south of the Peninsula Front (Fig. 1) . Pearson correlations performed between SST and the NBSS parameters showed significantly (P , 0.05) flatter spectra and lower intercept values as temperature increased (r ¼ 0.59 and 20.46, respectively).
Metabolic rates
NPP rates showed a gradual increase southwards with a marked difference between T.1a (mean + SD: 566 + 268 mg C m ). An opposite trend was detected for CR rates ). GPP/CR ratio varied between 0.73 and 3.55, with values ,1 (heterotrophic balance) on most of the northern leg and values mainly .2 in the Bransfield Strait showing that GPP exceeded CR along T.1b (Fig. 6A) . Average values (surface down to 400 m) of %O 2 have also been plotted on the same graph to examine trends across the transect (Fig. 6A ). In the northern heterotrophic region, averaged %O 2 remained low (%65-70%), whereas a clearly higher %O 2 was detected in the autotrophic region.
Although phytoplankton respiration is, on average, 60.8% of total CR (Fig. 6B ), significant (P , 0.05) negative correlations between heterotrophic respiration rates (from pico-to macro-size range) and the GPP/CR ratio revealed a strong control of the heterotrophic community on the total CR (Table II) . In contrast, phytoplankton respiration rates significantly (P , 0.05) increased as the SST increased. Overall, although not significant (P ¼ 0.07), a negative relationship (r ¼ 20.38) was detected between SST and GPP/CR. NH respiration was, on average, 21.1% of total CR, followed by zooplankton (8.6%), HB (7.5%) and MH (1.0%) (Fig. 6B) . To further discern a GPP threshold for our study area, we have performed a least-square linear regression between NCP and GPP data (Fig. 6C) 
Spatial differentiation of the metabolic assemblages
The MDS ordination plot divided the stations into two similar groupings (Fig. 7) (clusters from 80% of similarity were isolated) with an optimal stress value (0.01). Cluster I was mainly composed of those stations situated north of the archipelago including St. 4 and 11 as well, where GPP/CR ratios nearly or below 1 were detected (heterotrophic community). In fact, within Cluster I, a transition between the northern stations, north of the Shetland Front and those situated close to the coast (St. 27 and 28) was detected. Therefore, Cluster II was mainly formed by those stations situated south of the archipelago, where GPP/CR ratios were .2 (autotrophic community). Within Cluster II, it was noteworthy that St. 2 and 9, where mesoscale fronts (Bransfield and Peninsula Front, respectively) were located ( Fig. 1) , were grouped together. Although all the trophic compartment abundances (logtransformed) were examined to discern patterns across the clusters identified, only significant relationships (r . 0.5, P , 0.05) with the MDS analysis were shown (Fig. 7) . Higher MH, copepods and chaetognatha abundances characterized Cluster I while higher salp abundance characterized Cluster II. All the respiration rates significantly increased towards the northern stations (Cluster I).
D I S C U S S I O N
In the context of an extreme and highly variable ecosystem, such as the Antarctic ecosystem, few studies (Witek and Krajewska-Soltys, 1989; Tarling et al., 2012) have attempted to use the size spectra to obtain ecological information of the whole planktonic community. The large amount of data that should be measured and managed to build up a consistent spectrum is a major disadvantage of this method. However, as Platt and Denman (Platt and Denman, 1978) predicted, currently all regions of the biomass spectrum are accessible to rather automatic survey, so building up the planktonic NBSS is now easier than decades ago. The study of the planktonic size spectra is an valuable tool that allows us to overview in a synoptic way all the biological compartments involved (Kerr and Dickie, 2001 ) and observe their joint evolution either temporally or spatially (e.g. changes in carbon flux across the trophic levels, prey-predators interactions, community production-respiration ratios) and their responses to perturbation. In this study, we have emphasized spatial differences in the NBSS throughout a mesoscale northsouth transect, as the Drake Passage-Bransfield Strait area is considered as a zone where a transition from an autotrophic to a heterotrophic budget takes place (e.g. Fig. 3a in Duarte et al., 2013; Fig. 1 in Williams et al., 2013) . On the other hand, in recent years, an intense effort has been made to address and investigate the discrepancy between metabolic balance data in different oceanic areas (e.g. Serret et al., 2001a; Williams et al., 2004; Mouriño-Carballido and McGillicuddy, 2006) . The growing number of studies that encompass global data (Robinson and Williams, 2005; Duarte and Regaudie-deGioux, 2009; Duarte et al., 2013) provide compelling evidence for the existence of a GPP threshold below which planktonic communities tend to be heterotrophic. In the case of the SO and specifically around the SSI, although the published data showed a net autotrophic community balance, low phytoplankton productivity areas linked to the predominance of a heterotrophic community have been described (Agustí et al., 2004, and references therein) . Using different approaches, Duarte and Numbers in bold are statistically significant, P , 0.05. Abbreviations as in Table I .
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Regaudie-de-Gioux (Duarte and Regaudie-de-Gioux, 2009 ) reported a mean GPP threshold for the SO of 1.25 mmol O 2 m 23 day 21 equal to our estimated volumetric value and slightly lower than that reported by Agustí et al. (Agustí et al., 2004) . Therefore, we can establish this threshold as valid for our study area, which coupled to the size spectrum gives valuable information of the power of the plankton community to act either as a CO 2 source or sink. Although Duarte and Regaudiede-Gioux (Duarte and Regaudie-de-Gioux, 2009 ) initially criticized the modelling approach used by López-Urrutia et al. (López-Urrutia et al., 2006) to derive CR, we have highlighted the usefulness of these equations to obtain reliable respiration rates from smaller phytoplankton to larger zooplankton in the SO.
Methodological considerations
Some possible methodological limitations of the present study should be recognized in view of their potential influence on the NBSS. It is evident that one of the most complex issues when constructing size spectra that simultaneously cover a size range as wide as the one presented in this study is the operational difficulty of conducting perfect sampling and to use optimum preservation methods, as pointed out by Quiñones et al. (Quiñones et al., 2003) .
Gaps
Within the picoplankton size range, it is noteworthy that, in truly polar seas, picocyanobacteria are typically observed in negligible or low abundances. This fact has been ascribed to the cold-tolerant but not psychrophilic growth characteristics of high-latitude cyanobacteria and their inability to keep pace with loss processes such as advection and grazing in cold oceans (Scanlan, 2012 , and references therein). Due to this lack of picoplanktonic phototrophic populations, no distinguishable groups could be observed in the flow cytometer scatterplots. It is possible that the measurements are approaching the detection limit of the instrument. In this sense, we filled up the biological gaps by applying the method proposed by Tittel et al. (Tittel et al., 1998) but being even more restrictive within the picoplankton size range to ensure a realistic biomass distribution. However, a methodological gap between 200 and 250 mm due to the non-overlap of the techniques used was inevitable. Although the Platt and Denman model is sensitive to missing size ranges in the size spectrum, all depth-integrated complete community spectra showed a good linear fit with R 2 values always over 0.86. Several studies have determined losses for smaller taxa, especially copepods, using a 250-mm net (Gallienne and Robins, 2001 , and references therein), however, during this cruise, we detected similar copepod abundances compared with the values reported during a previous cruise in the Bransfield Strait with different plankton nets (Hernández-León et al., 2013) . In this sense, Ward et al. (Ward et al., 2012a) did not find a difference between nets (53, 100 and 200 mm) in terms of mesozooplankton biomass in Antarctic waters (see their  Tables II and III) . Furthermore, excluding the extreme size classes of both .1 mm ESD) and scanning (252.1 -400.2 mm ESD) methods no significant differences ( paired t-test, P . 0.1) were detected between the complete NBSS parameters (intercept and slope) in each area (Fig. 2) and the restricted NBSS; thus, we do not consider that smaller zooplankton was underrepresented and the upper and lower size classes of both methods, respectively, were finally included.
Functional groups and metabolic rates
Many dinoflagellates are photosynthetic but an equal number obtain their carbon by ingesting other phytoplankton and many are now being shown to be mixotrophic (Hacket et al., 2004) . Heterotrophic activity of some species classified as phytoplankton cannot be ruled out. Assuming all dinoflagellates to be autotrophs, we have probably overestimated the autotrophic metabolic rates in the microplankton fraction, which would lead us to conclude that the community balance could be slightly more heterotrophic than the results presented in this paper. Even if it were assumed that dinoflagellates were producing half of their potential production rate due to their size, if grazing upon other cells, the total production estimation slightly decreases by only 1.1%.
On the other hand, Regaudie-de-Gioux and Duarte (Regaudie-de-Gioux and Duarte, 2012) obtained an average E a for CR, through a compilation of different datasets, much higher (1.03) than the one used in this study for heterotrophic respiration which can significantly decrease the respiration rates calculated here; however, other authors have reported E a values similar to 0.56 for Antarctic waters (Martínez and Estrada, 1992; Arístegui and Montero, 1995a) .
Integration depth
As shown in Thompson et al. (Thompson et al., 2013) , significant differences were detected in the zooplankton NBSS between day and night samples due to vertical migration. Several studies have focused on zooplankton diel migration in the Antarctic, especially copepods and krill (e.g. Hernández-León et al., 2001; Nicol, 2006 and references therein) ; even salps have been described to undertake diel vertical migrations (Perissinotto and Pakhomov, 1998) . In this sense, accurate spectra of the zooplankton size range should include a representative section of the water column, integration between surface and 400 m being a reasonable spatial compromise (Ward et al., 2012a) . In the case of cells smaller than 250 mm ESD, the integration depth was chosen in relation to physics. Swimming speeds of these small organisms are much lower than ambient fluid velocities and, consequently, behavioural movements have little effect on their larger scale distribution patterns (McManus and Woodson, 2012) . The assumption that the mixed layer was actively mixing at the time of sampling has been shown by Sangrà et al. (Sangrà et al., 2014) . However, we must also take into account that the euphotic zone often extends below the mixed layer (Table I) where respiration tends to be high relative to GPP (Regaudie-de-Gioux and Duarte, 2010) . As a consequence, we considered to depth integrate the NBSS and, therefore, the metabolic rates within the euphotic zone or the MLD, whichever was deeper, throughout the transect. We should also consider that several authors have reported abundant microzooplankton ,100 m in Antarctic Waters (e.g. Alder and Boltovskoy, 1993) ; however, a recent comprehensive study performed by Garzio et al. (Garzio and Steinberg, 2013) throughout the Western Antarctic Peninsula revealed rapid decrease of microzooplankton abundance below the depth of the in situ fluorescence maximum, which in this study was always above the MLD or the Zeu (García-Muñoz et al., 2013a , 2014 .
Plankton community structure NBSS data presented in this paper provide a summer snapshot. Although presumably representative of the planktonic community of the region, it should be not taken as that of the community in steady-state conditions both due to temporal -seasonal and fortuitous variations linked to hydrodynamic spatial structures at a shorter scale. In fluctuating, uncoupled, aquatic systems, characterized by irregularities in the NBSS, the steady-state spectrum could be obtained by making a seasonal integration of states (García et al., 1995) , but, in this case, equivalent data for the winter season were not available. In the same way, the hydrography and circulation of the Drake Passage -Bransfield Strait region is complex and variable (e.g. García et al., 2002; Zhou et al., 2002; Sangrà et al., 2011) . Therefore, the uncoupling between trophic compartments and the strong influence of hydrodynamic processes (e.g. Varela et al., 2002; Hewes et al., 2009; Hernández-León et al., 2013) could reflect spatial changes in the NBSS and, moreover, a metabolic uncoupling between production and respiration rates. The community structure found along the north -south transect crossing the SSI was consistent with the results presented in Witek and Krajewska-Soltys (Witek and Krajewska-Soltys, 1989) . Far from being a steady-state system, it may be seen as disturbed due to its uneven planktonic NBSS. This dome-like pattern due to the predominance of nanoplanktonic phytoplankton cells and the scarcity of picoplankton during the summer season was widely observed by Rodríguez et al. (Rodríguez et al., 2002) and Zabala (Zabala, 2005) in the Bransfield and Gerlache Strait. Moreover, flat slopes throughout the selected transect revealed high biomass transfer efficiency through higher trophic levels. As described by Tarling et al. (Tarling et al., 2012) , even when other seasons were considered, the shallowness of the Antarctic NBSS slope may be an effect of longevity and life cycles on trophic interactions in Antarctic waters.
Metabolic state: physical/biological interactions
In this study a clear spatial segregation between stations north (Cluster I) and south (Cluster II) of the archipelago was detected in terms of the NBSS shape and the GPP/ CR ratio (Fig. 7) . The metabolic state north of the SSI seemed to be almost net heterotrophic while south of the archipelago an autotrophic state prevailed. This spatial pattern is attributable to several factors. On one hand, a southwards increase of NPP, driven by a nutrient limitation in the northern stations (García-Muñoz et al., 2013b) and the presence of physical features (fronts and eddies) that modulate the MLD and hence the accumulation of phytoplankton (García-Muñoz et al., 2013a) . It is well known that one of the mechanisms that could generate pulses of net autotrophy is associated with mesoscale eddies (Mouriño-Carballido and McGillicuddy, 2006) . In fact, the highest GPP/CR ratios were detected related with these physical features (Table I, Fig. 7) .
On the other hand, the heterotrophic budget detected north of the archipelago, especially north of the Shetland Front, is attributable to a northwards increase of CR due to: (i) a higher phytoplankton respiration activity as temperature increases and (ii) a higher presence of heterotrophic organisms (microheterotrophs, chaetognaths and copepods) along T.1a (Fig. 7) . Overall, all the trophic compartments increased their respiration rates northwards (Fig. 7) ; thus, a sum of physical and biological processes appears to act synergistically. In this sense, the %O 2 has been used as an indicator of this contrasting pattern, the SF being an apparent boundary between net heterotrophic and autotrophic communities (Figs 2 and 6 ). The %O 2 vertical distribution revealed relatively higher oxygen consumption in deeper layers of the Drake area where the highest copepod abundances were detected. However, upper layers elsewhere always showed high saturation percentages (even .100%) connected with the higher presence of autotrophic cells (García-Muñoz et al., 2013a) . The oxygen super-saturation is interpreted as the consequence of net autotrophy producing excess oxygen, most of which is lost by gas exchange to the atmosphere (Ducklow and Doney, 2013) .
The role of water temperature in the distribution and production of planktonic organisms has been widely studied in the SO. However, few studies have been made to relate their respiration rates to temperature probably due to methodological considerations as argued in Williams et al. (Williams et al., 2013) . A plausible solution could be linked to the use of indirect methods of respiration measurement, as we propose in this paper via the joint application of NBSS and MTE equations. MTE predicts that respiration rates should rise more rapidly than GPP as temperature increases (Allen et al., 2005; Harris et al., 2006; López-Urrutia et al., 2006) . This corollary fits with the results presented in Regaudie-de-Gioux and Duarte (Regaudie-de-Gioux and Duarte, 2012) using dark-light in vitro metadata. This results, in turn, in a decline in the GPP/CR ratio for planktonic communities with increasing temperature as we have detected due to the significant increase of phytoplankton respiratory activity. North of the SSI, no CR data have ever been measured, so we cannot compare with the results presented in this paper, but CR rates measured in the Bransfield Strait were in the range of those previously reported (e.g. 0.45 -1.69 g C m 22 day 21 in Arístegui and Montero, 1995b) . Several authors have related CR with chlorophyll a (Martínez and Estrada, 1992; Arístegui and Montero, 1995b; Regaudie-de-Gioux and Duarte, 2013) suggesting that phytoplankton make a major contribution to total CR. In this study, first, we have found that phytoplankton cells dominated the total biomass of micro-organisms (Fig. 4) and second, we have quantified that their respiration rates represents on average, 60.8% of total CR increasing significantly as SST increase. These results both confirm the hypothesis of Karl et al. (Karl et al., 1991) and the results presented in Lefèvre et al. (Lefèvre et al., 2008) that phytoplankton are responsible for much of the heterotrophic microbial metabolism in coastal Antarctic waters during summer and the fact that low variations in temperature could significantly affect plankton respiratory activity (Vosjan and Olanczuk-Neyman, 1991) .
Furthermore, the role of consumers (microbes and zooplankton) in the metabolic balance and carbon export flux should be considered. The calculated bacterial respiration rates agree with the reduced rates described during periods of high phytoplankton production (Wiebe et al., 1992) . Although only six bacterial respiration rates were measured during our cruise (see Teira et al., 2012) , these in situ measurements agreed with the low calculated rates obtained by using the López-Urrutia and Morán (López-Urrutia and Morán, 2007) equation (Equation 3). Several prior studies have reported that bacterial respiration is a relatively small fraction of CR in Antarctic waters (e.g. Arístegui et al., 1996) and Ducklow et al. (Ducklow et al., 2000) stated that it should be %10% CR, as we have observed. Thus, bacterial metabolism seems to have a secondary role in the global planktonic metabolic balance in the study area.
Conversely, mesozooplankton abundance strongly correlated with the identified metabolic clusters (Fig. 7) , salps being the group that characterized the southern stations grouping where they contributed up to 40% of total mesozooplankton abundance. Mesozooplankton activity appears to strongly influence the vertical transport in the study area as reflected by the high number of faecal pellets encountered in the Bransfield Strait (Serret et al., 2001b; . Salps by producing large, fast sinking faecal pellets may be major contributors to the downward particulate carbon flux (Fortier et al., 1994; Le Fèvre et al., 1998; Perissinotto and Pakhomov, 1998) . Especially, the smaller salp specimens (,30 mm) may possibly be on average 2.4-fold more efficient in re-packaging suspended particles than larger (.30 mm) salps (Pakhomov, 2004) . Using the individual size frequency distribution, a clearsize shift towards smaller individuals was detected south of the archipelago (T.1b) (Fig. 8) , as previously reported (Huntley et al., 1989) . Therefore, south of the SSI, energy would not be successfully transferred from primary production to higher trophic levels, but would sink and be buried into the deep ocean, as previously described by Arístegui and Montero (Arístegui and Montero, 1995b) and .
In light of the results, the planktonic community structure, and not only the photosynthetic organisms, influences the degree of autotrophy/heterotrophy of the Antarctic planktonic ecosystem. At this point, we must emphasize that both GPP/CR ratios and biological abundances shown in this study represented a summer snapshot and therefore are not representative of longterm averages. In this sense, Agustí et al. (Agustí et al., 2004) argue this to be a product of a bias toward the study of bloom conditions.
Overall, the variations in the biovolume spectra and metabolic rates in a given region are influenced by shortterm physical and biological processes such as advection and grazing (Zhou et al., 2004) or successional or seasonal stages of the community. The behaviour of the system is linked to ice dynamics not only on a seasonal scale, but also experiencing inter-annual variations in the duration and extent of sea ice cover. In fact, the region studied is experiencing rapid climate warming (Stammerjohn et al., 2008) that can modify its dynamics by modifying the abundance, production, distribution and composition of the different trophic levels. In order to evaluate better the metabolic budget and its variations, and to have an improved integrative view of this changing system, it would be useful to analyse changes in size structure across different states. It would be good to compare states from other seasons and years as well as validate respiration estimations obtained with allometric models based on on-board experiments. This would lead to a more complete view of metabolic budgets in this region around the Antarctic Peninsula.
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